Abstract The pandemic influenza A/H1N1 2009 virus is commonly known to affect younger individuals. Several epidemiological studies have clarified the epidemic features of university students in Japan. In this study, we reviewed these studies in Japan in comparison with reports from other countries. The average cumulative incidence rate among university students was 9.6 %, with the major symptoms being cough, sore throat, and rhinorrhea. These epidemiological features were similar between Japan and other countries. Attitudes and behaviors toward pandemic influenza control measures were different before and improved during and after the epidemic. These features were also similar to those in other countries. On the other hand, the epidemic spread through club activities or social events, and transmission was attenuated after temporary closure of such groups in Japan. This transmission pattern was inconsistent among countries, which may have been due to differences in lifestyle and cultural habits. Based on these results, infection control measures of pandemic influenza for university organizations in Japan should be considered.
Introduction
There was a major worldwide outbreak of swine-origin influenza A/H1N1 (H1N1) in 2009. This H1N1 pandemic infected approximately 20 million people and caused 198 deaths in Japan [1] . In 2013, avian influenza A/H7N9 infected humans in China and raised concern regarding the recurrence of a pandemic [2] . Therefore, the records of several H1N1 pandemics should be evaluated for construction of measures to prevent or limit the spread of such outbreaks in future.
H1N1 infected many young individuals from the beginning of the pandemic [3] [4] [5] [6] . According to previous reports, H1N1 spread mainly among schoolchildren and students, and this phenomenon was widely observed in Japan [1] , Europe [7] , and the USA [8] . Moreover, a previous study of university students also indicated that H1N1 influenza spread among adolescents [9] . Therefore, in the USA, the Centers for Disease Control and Prevention (CDC) distributed H1N1 information to adolescents from the early stages of the pandemic [10] . In addition, the American College Health Association conducted surveillance of H1N1 among university students and reported its spread in real-time [11] . This information was thought to be useful for rapid implementation of adequate infection control measures at university organizations [12] . We also reported epidemiological studies among university organizations in Japan [13] [14] [15] [16] and the results indicated that many students were infected with H1N1 and the specific transmission route was identified among university students in Japan. However, in Japan, although the information of H1N1 at educational organizations was distributed broadly it was not featured at universities or colleges in great detail. As specific infection control information was not distributed among universities and college organizations, this may partly have affected the spread of H1N1 among university students. Several studies have been reported and epidemic features have been clarified. Therefore, to establish infection control measures for university students for future influenza pandemics, we should evaluate the specific features of the H1N1 pandemic among university students in Japan. Moreover, outcomes in Japan should be compared with those reported in other countries and differences as well as similarities should be discussed.
Here, we present a review of previous epidemiological studies among university organizations in Japan. In addition, this study was performed to obtain useful information for the development of future pandemic influenza control measures.
Literature search procedure
The literature from April 2009 to December 2013 was searched. In the Japanese literature, we searched for reports in the Japanese medical journal database ''Igaku Chuo Zasshi'' using the following terms in Japanese: (H1N1 OR influenza) AND (university OR college) AND ''student'' AND ''epidemiology.'' In addition, the official journal of the Japan University Health Association was also checked. After this procedure, 17 reports were selected. In addition, we searched for reports written in English on PubMed using the following terms: (H1N1 OR influenza) AND (university OR college OR school) AND ''student'' AND ''epidemiology.'' After checking all of the abstracts, 15 reports from Japan and other countries along with this review were selected. All references in these reports were checked and a few reports were added. Finally, we reviewed 36 reports in this study.
Descriptive epidemiology
The authors reported a cumulative incidence rate of 8.9 % among university students in Shinshu University, Japan [13] . In addition, the epidemic curve for students was quite different from those of schoolchildren and staff. Moreover, the incidence rates were 40.0 and 1.7 %, respectively, even within the same organization. Table 1 shows the cumulative incidence rates of university students according to several reports and the rates ranged from 5.0 to 14.3 % [13, [17] [18] [19] [20] [21] [22] [23] . The 95 % confidence intervals (95 % CIs) of each incidence rate were recalculated as follows: 95 % CI lower = IR -1.96 9 SE, 95 % CI higher = IR ? 1.96 9 SE (IR: incidence rate, IR = patient number/total number of students; SE: standard error, SE = (IR (1 -IR)/total number of students)
). Moreover, all of the patients and the total number of students were summed and the average rate was estimated to be 9.6, and 95 % CI was estimated to range from 3.8 to 15.4 %. A previous conference report [24] indicated an infection rate of 6.7 % in 54 universities in Japan, and there was no remarkable disparity with this report. Moreover, freshman students had a particularly high infection rate [13, 20, 22] . This was thought to be because freshmen had closer relationships and acted less independently than upper grade students [13] , and, therefore, the disease may have greater opportunities to spread. There were also H1N1 epidemiological reports regarding H1N1 infection among university organizations in other countries. Iuliano et al. [25] prepared an epidemiological report conducted at Delaware University in the early stage of the 2009 pandemic; influenza-like illness was reported by 10 % of students between March and May 2009. Witkop et al. [26] reported the H1N1 epidemic in the US Air Force Academy and showed that the incidence rate during the outbreak period was 11 %. In addition, Iuliano et al. [9] also summarized the H1N1 infection rate of high school/university students as 6-10 % in US schools. Thus, the proportion of H1N1 influenza patients among university students is probably robust regardless of country. The authors reported that H1N1 was spread through clubs, close friends, apartments, or classrooms during the epidemic period [14] . The transmission routes were investigated by interviews. University students had been instructed to report when diagnosed with H1N1 at hospital or clinics and then designated staff interviewed the students to determine probable or suspected transmission route. Because determination of the true transmission route was difficult, whenever possible, the suspected transmission source for each case was similarly checked to confirm infection. This interview method was used in the first report of the H1N1 pandemic [5] and is, therefore, thought to be appropriate. Transmission routes were investigated based on the interview method and consisted mostly of club activities [14, 17, 22] or festivals [20, 21, 27] in Japan. According to the epidemic curve described [14] , both the first and second peaks mainly coincided with club activity. In club activities, students usually meet with other club members, remain in the club room for long periods, eat and drink together, and come into close contact with other club members, and, therefore, may be easily infected with H1N1. They were also infected through apartments and lodgings. If influenza was present in one lodging, the epidemic was prone to spread because many students lived together. This spread of infection was peculiar to university students and may be less prevalent in other populations. Although schoolchildren mainly transmitted H1N1 in the classroom, the rate of H1N1 transmission among university students through lectures or laboratories was lower than that through club activity in Japan [14] . H1N1 transmission through university classrooms was not regarded as the main transmission route of the epidemic in Japan. This was probably because university students generally attend lectures on different subjects and move repeatedly between classrooms. In other countries, from the viewpoint of H1N1 transmission, Guh et al. [28] investigated the students of Delaware University and found influenza-like illness risk among those who cared for an ill individual or lived with an ill housemate. The risk of transmission among housemates was high, similar to the authors' report. However, although a comparison with reports in Japan could not be performed because the category of club activity was not included, contact sports or parties did not show a high risk of transmission. It was also reported that illness risk was significantly increased by studying with an ill individual. Holmes et al. [29] investigated the geographic H1N1 transmission pattern at the University of California, San Diego, and found that transmission occurred outside the university rather than within the campus. Hence, the H1N1 transmission route may have been different among Japanese university students. On the other hand, Witkop et al. [26] reported that H1N1 was spread through large social events, similar to the observations in Japan, and they suggested that transmission occurred easily at events with gathering of large numbers of people. Thus, H1N1 transmission was not consistent among countries. This was understood to be due to differences in lifestyle (e.g., club activities or lectures) and cultural habits (e.g., parties or festivals) of university students among these studies.
H1N1 natural history and clinical symptoms of university students
Among university students, the median times from H1N1 infection to the development of fever and from the development of fever to cure were 2 and 5 days, respectively. Students visited hospitals within 1 day and were cured at 4 days after medication. In addition, median time not attending classes was 5 days [16] . These times were distributed non-parametrically. Moreover, these times were affected by environmental and individual factors, including route of infection, gender, and grade [16] . Another report showed that mean fever duration was approximately 2 days if antiviral drug was administered immediately; however, fever duration was prolonged up to 5 days if medication was delayed [21] . Thus, the fever duration was suggested to vary according to the timing of medication. From the authors' experience, clinical symptoms of H1N1 infection other than fever were cough, headache, rhinorrhea, sore throat, and arthralgia (unpublished data), and Kamano et al. [21] and Kameda et al. [22] also reported similar symptoms. From these reports, in addition to fever symptoms, cough (75.6 %) was seen in most cases followed by sore throat (48.4 %) and rhinorrhea (45.8 %) among university students, although averages were calculated only from these three records (Table 2 ). Similar to Japanese reports, Iuliano et al. [25] reported that clinical symptoms included sore throat (84.3 %), rhinorrhea (84.1 %), cough (78.6 %), and headache (70.5 %), although the rates of these symptoms were slightly higher. In addition, the median duration of illness was 6 days, which was also similar to that in Japan. Witkop et al. [26] reported that the clinical symptoms included cough (93 %), sore throat (86 %), and rhinorrhea (49 %). Thus, the incidence rate and clinical symptoms showed similar tendencies in these reports. This natural history and symptoms were not markedly different from those of seasonal influenza.
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Infection control measures at university organizations
Pharmaceutical interventions
Yoshimura et al. [30] reported that rapid diagnosis of H1N1 was performed at university health service centers. In this report, they discussed the savings in terms of time and effort because students or staff could check for H1N1 infection immediately on the university premises. They also noted the drawback of false-negatives because of the time lag between infection and symptoms using the rapid diagnostic kit if the patient came to the health center too quickly and the center had to pay for materials. On the other hand, there were no reports of vaccinating students at university because of insufficient supplies of H1N1 vaccine in the early stages of the pandemic. However, preventive medication with antiviral drugs was performed at university health service centers [30] . Almost all patients were given antiviral drugs when students were infected and went to hospitals or clinics and were diagnosed with H1N1 [16] . If pharmaceutical interventions, including rapid diagnosis, are administered via university health service centers, the advantages (e.g., time saving) and disadvantages (e.g., costs) of the medication should be clarified [30] . On the other hand, if medication is administered outside the university, nearby clinics or hospitals should be informed of the university infection control measures to make it easier for students to receive medication at these institutions.
Non-pharmaceutical interventions
Influenza pandemic prevention measures were developed based on the Ministry of Health and Welfare's Influenza Pandemic Plan [31] and implemented at each university. Several measures, including hand washing, wearing a mask, and coughing etiquette, were posted on the university home page or sent by e-mail, and students were required to stay away from the university and go to a hospital or clinic if they felt that they may be infected with influenza [13] . These measures were also implemented in several universities in Japan [18] [19] [20] [21] [22] 27] . For more advanced information administration, utilization of mailing lists [20] or construction of novel web systems [32] was applied. As there are general communication systems through which all students can receive information at university in Japan, the information was announced at all universities during the period of the H1N1 epidemic. In addition, this online announcement system was also utilized in most universities in the USA [33] .
Some reports indicated that the whole university was closed to prevent H1N1 transmission [34, 35] . These closures were performed especially in the early stage of the H1N1 pandemic as ''proactive closure.'' This measure is not usually conducted to prevent seasonal influenza at universities [36] . As whole school closure was conducted and the subsequent epidemic was diminished [34, 35] , this was suggested to have had an effect on preventing virus transmission, in agreement with reports before and after the H1N1 pandemic. Cuachemez et al. [37] reviewed the effects of school closure according to several previous reports that evaluated past seasonal or pandemic influenza outbreaks; they reported that closure of schools during a pandemic may have effect on the total number of cases and may reduce peak infection rates. Jackson et al. [38] reviewed reports regarding the effects of school closure during the H1N1 pandemic in 2009 and concluded that timely school closure can potentially reduce transmission during an influenza outbreak. Similarly, H1N1 was spread through club activities or social events in Japan, and these high-risk activities were canceled [14, 27] . As this partial closure resulted in the isolation of infected individuals in high-risk groups and decreased the chances of virus transmission, this measure may be effective to prevent infection when small epidemics continue in several groups. In the authors' previous report [14] , clubs with multiple infected members were closed and subsequent epidemic was shown to be suppressed. However, evaluation of partial closure was more difficult than whole closure because transmission was influenced by environmental or individual factors. Jackson et al. [38] also suggested that the contact pattern in schools may have influenced the effects of closure measures. Hence, although these closures may suppress the transmission of influenza virus, longitudinal epidemiological studies regarding school closures should be performed to accurately evaluate the effects of such closures.
To tackle future influenza pandemics, the Cabinet Secretariat of Japan announced Special Measures to Counter New Types of Influenza [39] in May 2012, which was passed into law in April 2013 in Japan. This law was developed to clearly present evidence of pandemic influenza measures. In this law, prescribed large facilities are required to restrict human interactions in the event of an emergency period of pandemic influenza. According to the enforcement ordinance of this law, although schools are defined as ''category 1'' (vulnerable to influenza spread and requiring strong infection control measures), university organizations are defined as ''category 3'' (requiring moderate infection control measures). Therefore, university organizations may be regarded as less dangerous compared to schools. In addition, universities will not be closed fully according to this law even in the event of an influenza pandemic. However, it may be useful to implement advanced infection control measures, including proactive closures, at university organizations regardless of these categories if it is necessary to close facilities in the early period of an influenza pandemic in Japan.
University students' attitudes and behaviors regarding H1N1
To improve pandemic influenza measures, it is necessary to determine the actual attitudes and behaviors of university students regarding the H1N1 pandemic. Koike et al. [40] reported that individual preventive measures were taken at a rate of approximately 20 % before the pandemic but increased to 30-50 % after onset of the pandemic. According to this report, individual prevention was insufficient before the pandemic, and this may have led to the spread of the virus. Ohmi et al. [41] also reported a poor attitude of university students to preventive measures before the H1N1 pandemic, and they suggested that preventive education should be promoted among students. On the other hand, Tashiro et al. [20] investigated the individual prevention behavior among university students in each faculty before the H1N1 pandemic and reported that the proportion was higher among those in medical faculties than others. Urahashi et al. [42] also reported that more than 80 % of nursing students implemented individual prevention measures. These reports indicated that attitudes or preventive behaviors regarding infection among university students were generally low before the influenza pandemic, while the proportion tended to be higher among those in medical or nursing faculties. In addition, the behavior was found to be strengthened after experiencing the pandemic. In other countries, Mitchell et al. [43] reported that 64.9 % of students took some individual prevention measures during the H1N1 pandemic, and 96 % of respondents to an online survey among Delaware University students answered that they had strengthened their hand washing behavior. Among respondents who reported concern, approximately 80 % of students took the recommended individual protective measures. Although there was one report that the behavior of university students toward the pandemic did not change much [44] , most reports, including those of Kats et al. [45] and Zottarelli et al. [46] , indicated improvement of university students' behavior because of their experience with the H1N1 pandemic. It was suggested that university students tended to strengthen individual prevention measures after experiencing or becoming concerned about influenza. Thus, further preventive education before a pandemic will be required for infection control strategies.
Conclusion
We reviewed previous studies of H1N1 at university organizations in Japan and evaluated the actual state and epidemiology of the infection spread. We concluded that the cumulative incidence rate was approximately 9.6 % and clinical characteristics were not different from those of seasonal influenza; the findings were approximately similar to those in other countries. In contrast, we also concluded that there were some specific features of influenza transmission in Japan that were inconsistent between countries. For future influenza pandemics, in addition to general infection control measures, specific measures according to country may further inhibit or slow the spread of infection. In Japan, raising awareness in the early stages of the epidemic, improvement of attitudes toward infection control, and not only whole closure but also temporary closure of meetings of high-risk groups of university students may be useful measures to limit spread among university students.
